A detailed characterization of the microemulsion composition is necessary to
Microemulsions are homogeneous mixtures of water (W) and oil (O) under the presence of large amounts of a surfactant and a cosurfactant (usually a medium-sized alcohol or amine with an alkyl group of C-4 to C-8) (1) . Depending on the proportion of the components, two types of microemulsions can be considered such as the O/W in which the apolar solvent is in the core of the microemulsion and the W/O consisting of a polar core.
These mixtures exhibit an extremely rich variety of geometries due to the amphiphilic molecules which reside at the interfaces between water and oil, thus reducing the bare water-oil tension by three to five orders of magnitude. This drastic reduction enables the formation of mesoscopic water and oil domains defined by amphiphilic interfaces with can assemble in many different shapes and sizes (2) . These droplets are very small (radius within the range of 50 to 500Å) (3), explaining the transparency of the systems, and are surrounded by a film of amphiphilic molecules.
Since the discovery of room-temperature phosphorescence (RTP), many techniques have been developed to induce it on various molecules. These include solid-state RTP (SS-RTP) (4), micellar stabilized RTP (MS-RTP) (5), and cyclodextrin RTP (CD-RTP) (6) .
The most recent advances are directed toward the use of microemulsions as agents for inducing phosphorescence in solution (ME-RTP) (7) (8) (9) . The use of a complex fluid such as a microemulsion in phosphorimetry presents several advantages with respect to other methodologies: (a) The kinetics of deoxygenation of samples is quicker with respect to cyclodextrins and micelles, and (b) the highly hydrophobic core is adequate to dissolve relatively high concentrations of hydrophobic molecules in the aggregate and also large organic molecules with dimensions approaching those of many micelles.
Until now, no attempts have been made to establish the microemulsion compositions and improve the analytical characteristics (sensitivity and rapidity) of the phosphorimetric methods.
The aim of this work was to study the region of formation of the O/W microemulsion for the systems hexane/n-butanol/SDS/water, hexane/ n-pentanol/SDS/water, hexane/3-pentanol/SDS/water, and hexane/nhexanol/SDS/water, and to determine the zones that show the best analytical characteristics to yield maximum phosphorescence emission with minimum stabilization time using fluoranthene (Flt) as model compound (a polycyclic aromatic compound of low carcinogenic toxicity (10)).
EXPERIMENT

Reagents
The sodium dodecyl sulfate surfactant (SDS), thallium(I) nitrate reagent (TlNO 3 ), anhydrous sodium sulfite (Na 2 SO 3 ), and sulfuric acid (H 2 SO 4 ) (all from Sigma Chemical Company); n-butanol, n-pentanol, 3-pentanol, n-hexanol, and hexane (all from Merck); and fluoranthene (Fluka Chemie AG) were used without further purification. Aqueous solutions were made with doubly distilled water. The sodium sulfite solutions were prepared daily and kept in tightly closed containers.
Method for Formation of Microemulsion
The preparation of the hexane/n-butanol/SDS/water, hexane/npentanol/SDS/water, hexane/3-pentanol/SDS/water, and hexane/nhexanol/SDS/water systems was carried out using the appropriate percentages in volume of the corresponding alcohol and hexane in a 10 tube. Later the SDS (0.5 M) was added until the solution volume equated 10 mL. The microemulsion formation was judged using the classical criteria of an optically clear and stable solution. If the microemulsion is not formed, no transparency is observed in the systems and after a few minutes two clear phases were formed. In all cases, the systems were observed during 3 days to verify the formation of microemulsion.
Apparatus
All data of uncorrected luminescence spectra and measurements of microemulsion room-temperature phosphorescence (ME-RTP) intensities were carried out with an Aminco Bowman series 2 luminescence spectrometer equipped with a 7 W pulsed xenon lamp, and were recorded with a personal computer. A GPIB (IEEE-488) interface card for computer-instrument communication was used. The temperature was controlled with the aid of a thermostatized cell holder attached to the spectrophosphorimeter.
Phosphorimetric Method
To a 100 µL aliquot of stock microemulsion containing Flt 5 µg mL −1 , 1 mL of thallium(I) nitrate 0.25 M, 500 µL of sodium sulfite 0.1 M, and 800 µL of sulfuric acid 0.02 M were added and made up with water to a final volume of 10 mL in a standard flask. The final concentration of Flt was equal to 50 ng mL −1 . In addition, the final concentration of the microemulsion components was 100 times lower than original microemulsion.
After mixing, the flask was placed into a water bath at 25 ± 1 • C for 30 s. Standard 10 mm fused silica cells were filled with this solution. The phosphorescent emission measurements were carried out at a temperature of 25 • C, and at excitation and emission wavelengths 358 nm and 552 nm (9) , respectively (see Figure 1 ). The rest of instrumental parameters related to the luminescence technique were: excitation and emission monochromators slits of 16 nm, scan speed of 2 nm s −1 , delay time of 200 µs, gate time of 400 µs, detector sensitivity (as detector voltage) of 1,000 V, and a minimum period pulse or time between flashes of 5 ms. All of them were fixed throughout the experimental work.
Software
Data acquisition was performed by the use of the Aminco-Bowman AB2 program, running under OS/2.
RESULTS AND DISCUSSION
Formation of Microemulsions
The microemulsions' formation is conditioned by factors such as the type of organic solvent, type of cosurfactant, and type of the micellar medium. In a first stage, we studied the region of formation of O/W microemulsion to the four systems: hexane/n-butanol/SDS/ water, hexane/n-pentanol/SDS/water, hexane/3-pentanol/SDS/water, and hexane/n-hexanol/SDS/water.
In the four systems, the hexane was selected as the organic phase since it is the solvent more widely used to develop the extraction and solubilization methodologies of apolar compounds such as polycyclic aromatic hydrocarbons (PAHs) (10) (11) (12) (13) .
The introduction of the cosurfactant to the formation of microemulsion has a dual role, since it not only achieves association with a nonpolar solvent, but also produces a high degree of disorder, favoring the kinetics of formation of the microemulsion (2). As cosurfactant, four alcohols of medium size (n-butanol, n-pentanol, 3-pentanol, and n-hexanol) were employed.
The selected surfactant was sodium dodecyl sulfate, an anionic micellar agent versatile for obtaining microemulsions with different cosurfactants (7) (8) (9) .
The region of formation of the O/W microemulsions was determined by the construction of the phase diagram for the above-mentioned systems. As can be observed in Figure 2 , the region of formation of the O/W microemulsions is, in general, large and very different for the four systems studied.
The systems hexane/n-pentanol/SDS/water and hexane/3-pentanol/ SDS/water present a similar behavior. The region of formation is encountered for percentages of alcohol and hexane between 0 and 15% v/v and 0 and 10% v/v respectively, although the determination of the formation limit was not easy. On the boundary of this region the kinetics of microemulsion formation was very slow, and outside it the microemulsion was not formed atleast within 3 days.
The system hexane/n-butanol/SDS/water presents an extensive region of formation varying between 0 and 10 % v/v of hexane and 0 and 40% v/v of n-butanol. The hexane/n-hexanol/SDS/water microemulsion showed a very small zone of formation understood between 0 and 2.5% v/v of hexane and 0 and 2.5% v/v of hexanol.
In addition, it has been experimentally proved that the kinetics of formation of the microemulsions is quicker when the cosurfactant is the n-butanol while n-pentanol, 3-pentanol, or n-hexanol presents a similar behavior. This fact is due to the elevated values of entropy induced by n-butanol molecules which, in turn, makes the standard free energy of transfer more negative (14, 15) .
Effect of Microemulsion Composition over Emission Phosphorescence of Fluoranthene
In this article, a detailed study of the influence of the microemulsion composition over the room-temperature phosphorescence emission of fluoranthene was carried out. The fluoranthene, a PAH, was used as a model compound (11) .
The phosphorescent intensity and the stabilization time (time necessary for the total deoxygenation of samples) were used as control variables to determinate the best composition of O/W microemulsion. The oxygen is an important quenching of the phosphorescence emission in solution and the kinetics of deoxygenation depends on the composition of the microemulsion.
Later, different types of microemulsions were chosen into the region of O/W microemulsion formation, and the phosphorescence emission and stabilization time of fluoranthene phosphorescence were registered. Figure 3 shows the influence of microemulsion composition over the relative phosphorescence intensity (RPI) and the stabilization time. As can be seen the regions, where the fluoranthene emits phosphorescence signal and the signal appears in a time lower at 600 s, are very small and different to studied systems.
These regions cover percentages in the range 0 to 0.03 and 0 to 0.04% for the system hexane/n-butanol respectively, 0 to 0.07 and 0 to 0.10% v/v for the hexane/n-pentanol respectively, and 0 to 0.06 and 0 to 0.10% v/v for the hexane/3-pentanol system. For the hexane/n-hexanol system the region of emission was 0.025% and 0.025% v/v respectively, and the signal was instantaneous in all the regions.
As can be observed the region of analytical interest, from the phosphorescent point of view, was smaller for the hexane/n-butanol/SDS/water system than for the other two systems (see Figure 3 ). In the system hexane/n-pentanol/SDS/water, the intensity of phosphorescence remains constant and appears instantaneously in a major region in front of the other studied systems. The behavior of the hexane/3-pentanol/SDS/water system is different from the other systems since the intensity of phosphorescence presents two maxima at low and high percentages of alcohol but the signal is being instantaneous only at low 3-pentanol percentages.
These results demonstrate that the best analytical properties are achieved with the hexane/n-pentanol/SDS/water system due to the wide and instantaneous region in which the phosphorescence signal appears. A microemulsion containing 0.03% v/v of hexane and 0.05% v/v of n-pentanol was selected as the optimal system. 
Optimization of Experimental Variables
The effect of reactant concentration was evaluated by measuring the room-temperature phosphorescence intensity and stabilization time for a constant composition of an O/W microemulsion 0.03% v/v hexane, 0.05% v/v n-pentanol, 0.92% v/v SDS at an Flt concentration of 50 ng mL −1 . The influence of thallium nitrate is shown in Figure 4a ; the phosphorescent intensity increases until a plateau is reached above 0.031 M of TlNO 3 . This behavior is due to the increase in the intercrossing systems with the increase in thallium nitrate concentration, causing the growth in the population of molecules in the triplet state, until no intercrossing can be produced. On the other hand, the phosphorescence signal is obtained instantaneously at the reported concentration.
The O 2 quenching of phosphorescence signals in ME-RTP experiments can be reduced with the use of sulfite ions that act as efficient O 2 scavengers in the microemulsion solutions (16) . However, the concentration of SO 2− 3 is an important factor that may diminish the RPI with a high increase in concentration (see Figure 4b ). This decrease is because the thallium(I) reacts with Na 2 SO 3 to form of Tl 2 SO 3 complex and the concentration of TlDS acting as heavy atom decreases. Besides this, when the concentration of sodium sulfite is increased in the system, the collisional quenching is more effective. The stabilization time decreases with the increase in sodium sulfite concentration, becoming 0 at 0.01 M. A concentration 0.005 M of Na 2 SO 3 has been selected as optimal (see Figure 4b) .
The O 2 elimination from solution is also favored by the presence of H 2 SO 4 in the system (17) . This deoxygenation process is favored in the pH interval among 6 to 7.5. As can be seen in Figure 4c , the absence of sulfuric acid slows considerably the appearance of the phosphorescence signal. When increasing the acid concentration, the deoxygenation kinetics are favored and thus the signal appears instantaneously. In view of this fact, an H 2 SO 4 concentration of 1.2 × 10 −3 M has been selected.
Validation of the Method
The present analytical method was tested for linearity, precision, reproducibility, and specificity (18) for the selected microemulsion composition and optimal concentrations of reactants. The phosphorescence response was linear in relation to fluoranthene concentration over the range 0 to 50 ng mL −1 ( Figure 5) , with a correlation coefficient of 0.999. The relative standard deviation for a Flt concentration of 25 ng mL −1 was equal to 1.53% establishing the high precision of the method. Finally, a detection limit of 0.8 ng mL −1 was also established. 
CONCLUSIONS
The use of microemulsions has permitted the establishment of a rapid and sensitive room-temperature phosphorimetric method for fluoranthene demonstrating that ME-RTP methodology constitutes a nice alternative to analyzing PAHs in solution. The adequate selection of microemulsion composition permits us to obtain instantaneous signals and the maximum phosphorescent intensity. Moreover, these studies will be helpful in devising novel methods for analyzing different PAHs in environmental matrices.
